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(54) Ink Jet recording head and metliod for manufacturing the same 



(57) An ink jet recording head (55) is capabde of: 
preventing any of stagnation in ink flew, formation of 
vapor butDbles. cavitation, or like problems from occur- 
ring in the Ink fksw; realizing an excellent ink ejection 
operation, and thereby realizing a high quality gradation 
expression In recording; and. lessening a degree of a 
required accuracy both in dimension arKj in alignment of 
its conponents being stacked together. In a method for 
manufacturing the Inkjet recording head (55) provided 
with a pressure generating chamber (19). this diamber 
(1 9) is constructed of a through-hole of a chamber plate 

(1 6) and a pair of plates (23. 30). between which plates 
(23. 30) the chamber plate (16) is sandwiched. The 
processing step for forming this through-hole further 
comprises the 8ul>-steps of: forming a first resist film 

(1 7) and a second resist f flm ( 1 8) on a first and a second 
surface of the chamber plate (16). respectively, wherein 
the resist films (17. 18) assume sut>5tantially a same 
shape, but are different in length from each other when 
measured in a direction parallel to a fk^w direction (I) of 
ink; and. etching away both the first and ttie second sur- 
face of the chamber plate (16) using the resfet f Bms (1 7. 
18) as its masks so that the through-hole is formed in 
the chamber plate (1 6) and sen/es as the pressure gen- 
erating diamber (19). 
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Description 

[0001] The present invention relates to an ink jet 
reoorcfing head used in an ink jet recording apparatus 
such as ink jet prirrters or like recorcfing apparatuses, s 
and also relates to a method for manufacturing such an 
ink jet recorcfing head, wherein, in operation, the ink jet 
recor(£ng head records an object for example charac- 
ters, images, patterns or like on a recording medium or 
sheet by ejecting ink droplets from an ink ejection noz- io 
zle of the ink jet recording head to realize a high quality 
gradatk>n printing operation. 

[0002] Of various types of recording methods, a 
non-impact recording method is a favorable one since it 
is sut>8tantially free from any noise in recording opera- is 
tion. In recent years, the use of such the non-impact 
recording method in numerous applications has dramat- 
ically increased. Consequently, such non-impact 
recording method shows a wide variation in types. Of 
these types of the non-impact recording method, £ui ink 20 
jet recording method is advantageous in that: it is capa- 
ble of directly recording any desired characters, images, 
patterns or like on a recording medium or sheet at a 
high recording speed through an ink jet recording appa- 
ratus with a sirrple construction in which the ink jet 2S 
recording method is carried out; and. further, it is also 
capable of using ordinary paper as its recording 
medium or sheet, and therefore excellent in ease of use. 
[0003] Heretofore, various types of the ink jet 
recording methods have been proposed, one of which is 3c 
well known and carried out by the ink jet recording 
apparatus or prirrter. In such the ink jet recording appa- 
ratus or printer, ink droplets are ejected from an ink 
Section nozzle of the ink jet recording head thereof to 
adhere to the recording medium such as paper, sheets 3S 
or the like, so that the desired characters, images, pat- 
terns or the like are recorded on such recording media. 
This type of ink jet recording method is advantageous in 
ttiat it is capable of: performing its recorcfing operation 
at high speed; and. using ordinary paper as its record- 40 
ing medium without having such ordinary paper treated 
through a special fixing treatment in recording opera- 
tion. Heretofore, numerous forms of ink jet recx>rding 
apparatuses or printers for canying out the above-men- 
tioned ink jet recording methods have been proposed 4s 
artd commercially manufactured. 
[0004] The ink jet recording methods are substan- 
tially classified into three major types: namely, a contin- 
uous ejection type; an on-demand type; and, an 
electrostatic at>sorptk>n type. In the on-demand type ink so 
jet recording methcxi. a piezoelectric element of the ink 
jet recx}rding apparatus for canying out the on-demand 
~type^ methcxJ is energized~only~at"a~predetermined 
nv)ment or time when it is required, so that the ink drop- 
lets are ejected from the ink ejection nozzle of the ink jet 55 
recxsrding apparatus at the above predetermined 
moment. As a result the ink jet recording apparatus or 
printer for carrying out the on-demand type ink jet 



recording methcxJ is improved in ink cx>n&unrptk)n prop- 
erties, and very simple in constructkin. Therefore, it is to 
be expected that such an on-demand type ink jet 
recording apparatus or printer witl be vMefy used. 
[0005] In th^ ornJemand type of the ink jet record- 
ing apparatus, its conventk>nal type ink jet recording 
head is constructed of: a pressure generating chamber 
which ccxnmunicates with an ink reservoir: the ink ejec- 
tion nozzle which communicates with the pressure gen- 
erating chamber; a vibrating plate whk:h forms a portion 
of the pressure generating chamber; and, the piezoe- 
lectric element whic:h causes the vibrating plate to 
vibrate to intermittently increase a pressure in an inte- 
rior of the pressure generating chamber to prcxJuce a 
pressure pulse therein, wherein such the pressure 
pulse forces ink of the pressure g^erating chamber to 
be ejected through the ink ejection nozzle outward and 
formed into the ink droplets. 

[0006] In tiie conventional ink jet recording head 
through which the atx9ve*mentioned ink jet recording 
method is carried out, each of the pressure generating 
chanrt>er, ink reservoir, ink ejection nozzle or like essen- 
tial parts is formed by stacking a plurality of its compo- 
nents or plates into a pile. In this pile, each of the 
components or plates has been subjected to: an etching 
pr(x:ess performed from one surface of the component 
or plate to an other surface thereof; a stamping process 
performed by a machine punch or like press=machtnes; 
an electroforming process: or, like prcx:esses, and 
thereby assuming a desired shape suitatjie for forma- 
tion of atxsve-mentioned individual essentieil parts of the 
(X}nventional ink jet recording head. 
[0007] Rg. 8 shows a cross-sectional view of an 
essential part of an example of tiie conventional ink jet 
recording head, illustrating the pressure generating 
cfiamber and the peripheral portions thereof. As is dear 
from Fig. 8. the conventional ink jet recording head is 
constructed of: a vtorating plate 60; a chamber plate 61 
for forming the pressure generating chamber; and, an 
ink supply plate 62 for forming kx3th an ink inlet passage 
65 and an \rk outlet peissage 66, wherein these plates 
60, 61 and 62 are stacked upon one onother and firmly 
comtdined with each other to form the ink inlet passage 
65. a pressure generating chamber 63. and the ink out- 
let passage 66; the ink inlet passage 65 receives the ink 
from the ink reservoir (not shown); the pressure gener- 
ating chamt^ 63 is comnrxinicated with both tine ink 
inlet passage 65 and tiie ink outiet passage 66; and, 
through the ink outiet passage 66, the ink is delivered to 
tiie ink ejection nozzle (rx>t shown in Fig. 8). 
[0008] In the conventional ink jet recx>rding head 
having the above construcnksn, a blank of the chamber 
plate 61~is~8ubjected~to the~stamping c)peration per^ 
formed by the machine punch. As a result the above 
t>lank is provided with a tiirough-hole defined by an 
inner edge surfac:e 61 a. and is therefore formed into the 
chamber plate 61. As viewed in Rg. 8, this inner edge 
surface 61a extends in a direcrtion perperxdicular to an 
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upper or major surface of the chamber ptate 61. The 
pressure generating chamber 63 is formed by dosing 
both upper and lower openings of the above through- 
hole of the chamber piate 61 with the vibrating plate 60 
and the ink supply plate 62, respectively. As for the ink s 
inlet passage 65 and the ink outlet passage 66 both pro- 
vUed in the ink supply plate 62. each of these passages 
65. 66 is formed through the stamping process per- 
formed by the machine punch, and thereby having its 
inner edge surface extending in a direction perpendicu- 70 
lar to an upper or major surface of the ink supply plate 
62. as is in the case of the above through-hole of the 
chamber plate 61. 

[0009] Consequently, in operation of the conven- 
tk)nal ink jet recording head having the above construe- is 
tion. the ink is supplied from the Ink reservoir (not 
shown) through the ink inlet passage 65. pressure gen- 
erating chamber 63 and the ink outlet passage 66. and 
has its flow path bent at sut>starTtially right angles on the 
midway to reach the ink ejectk)n nozzle (not shown in 20 
Fig. 8). 

[001 0] Due to ths, in the conventk>nal ink jet record- 
ing head, there is a problem that some stagnation in the 
ink flow, formation of vapor bubbles, cavitation (which is 
caused by a large and sudden change in cross-sec- 2s 
tional area of the ink flow passage), or like problems 
occur at corner portions 63a. 63b of the pressure gen- 
erating chamber 63 and also in the vicinities of these 
corner portions 63a. 63b. wherein the corna' portions 
63a. 63b of the pressure generating chamber 63 directly so 
receive the inkfkiw issued from the ink inlet passage 65 
to have the ink fkMv bent at suk>stantially right angles of 
its flow path. In case that the vapor bubbles and cavita- 
tion are produced in the ink flow at the comer portkms 
63a. 63b of the pressure generating chamber 63 in the 35 
conventional ink jet recording head, the piezoelectric 
element fails to txiikJ up a necessary pressure in the 
pressure generating chamber 63, because any pres- 
sure built up in the chamber 63 by energizing the piezo- 
electric element ts absort>ed by these vapor bubbles 40 
and cavitatk>n. Consequently, in this case, the conven- 
tional ink jet recording head fails to have Ks ink properly 
ejected outward from its ink ejection nozzle, which 
makes it imposs^e to realize a high quality gradation 
expression of the ink droplets in recording operations. 45 
[0011] In order to solve the above problems, it is 
necessary for the oonventiorud ink jet recording head to 
have the through-hole of its chamb^ plate 61 (shown in 
Fig. 8) precisely positk)ned and stacked with the other 
components or plates in order to precisely form the ink so 
passages together with the through-hole. Due to this, in 
the conventionat ink jet recording head, it is necessary 
to have its components formed and assembled as pre- 
cisely as possit)le. In other words, alignment in stacking 
of these components must be kept at the highest possi- ss 
ble level. 

[0012] tn view of the above, it is an object of the 
present invention to provide an ink jet recording head 



and a method for manufacturing the sanrte. which are 
capable of: preventing any stagnatkxi in inkfkiw. forma- 
tk>n of vapor butsbles. cavitation, or like problems from 
occurring in the ink fk>w of the ink jet recording head; 
realizing an excellent ink ejectk)n operatioa and there- 
fore realizing a high quality gradatk)n expression in 
recording operatkms: and. lessening a degree of 
required accuracy both in dimension and in alignment of 
its irxJividu€d components wtiich are assembled or 
stacked togettw to fbrm the ink jet recording head of 
the present inventk>n. 

[001 3] It is another object of the present invention to 
provide an Inkjet recording head and a method for man- 
ufacturing the same, which are capable of forming an 
ink flow passage tilted or inclined from a major surface 
of its componem or plate even when the ink flow pas- 
sage is formed in the major surface of such component 
or plate through an etching operation. 
[0014] According to a first aspect of the present 
invention, there is provided: 

in a method for manufacturing an ink jet recording 
head provided with a pressure generating chamber, 
wherein the pressure generating chamber is con- 
structed of a first plate or chamber ptate. a secoixl 
plate or vibrating plate and a third plate or ink sup- 
ply plate, wherein the first plate is provided with a 
through-hole and sarKJwiched between the secorxJ 
and the third plate, the method comprising a step of 
forming the through-hole in the first plate, the 
improvement which comprises, in the step, the suk>- 
steps of: 

forming a first and a second resist f Qm on a first and 
a second surfece of the first ptate. respectively, 
wherein the first and the second resist film assume 
sut^stantially a same shape, but are different in 
length from each other when measured in a direc- 
tion parallel to a flow directk)n of ink: and 
forming the through-hole in the f irst plate by etching 
both the first and the second surface of the first 
plate with the use of the first and the secorxl resist 
fOm both of which serve as masks in the etching 
processing of the first plate. 

[0015] In the foregoing, it is possible for the pres- 
sure generating chamber to obtain a relatively smooth 
inner wall surface therein by forming a first and a sec- 
ond hole portion, wherein the first and the second hole 
portions communicate with each other to form ^e pres- 
sure generating chambo'. and assume substarrtially the 
same shape, but are slightly different in length from 
each other when measured in the direction parallel to 
the flow direction of the ink. 

[0016] Consequently, in the pressure generating 
chamber having the above construction, particulariy its 
upstreanrvside portion for receiving the ink flow, or its 
downstream-skje portion for directing the ink flow to the 
ink ejection nozzle may be smoothed in configuration. 
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Due to such smoothed configuration, the ink jet record- 
ing head of the present invention is free from any prob- 
lems such as stagnation in the ink fk]w, formation of 
vapor bubbles, cavitation, or like problems occurring in 
the ink f k>w in the pressure generating chamber. Conse- 5 
quentiy, it is possble for the ink jet recording head of the 
present invention to ensure an excellent ink ejection 
operatk>n, and theretoy realizing a high quality gradation 
expression in recording operations. Further, it is also 
possible for the ink jet recording head of the present 10 
invention to remarkably lessen an alignment accuracy 
required in a stacking or assembly operation of its plates 
or components. 

[0017] More specif icalty. when one of its plates or 
componerrts has a thickness of approximately 140 ^m, is 
ft is preferable to set the difference In length between 
the first and the second resist film at a value ranging 
from approximately 80 to approximately 140 pm. In this 
case, it t& possitsle for the pressure generating chamber 
to obtain an excellent configuration in its inner wall sur- 20 
face serving as an ink flow passage. 
[0018] Consequently, it is preferat)le, in the above 
method of the present invention for manufacturing the 
Inkjet recording head provided with the pressure gener- 
€tting cfiamber: 2s 

a thickness of the frst plate is approximat^y 
140^m; and 

a difference in length between the first and the sec- 
ond resist film is within a range of from approxi- 30 
mately BOpjn to approximately 140^. 

[001 9] According to a second aspect of the present 
invention, there is provided: 

35 

in a method for manufacturing an ink jet recording 
head provided with a pressure generating chamber 
. wherein the pressure generating charrber is con- 
structed of a first plate or chamber plate, a secorxd 
plate or vft}rating plate arxl a third plate or ink sup- 40 
ply plate, wherein the first plate is provided with a 
through-hole and sandwiched between the second 
and the third plate, wherein one of the second arxj 
the third plaet is provided with an ink outlet passage 
in its ink discharge skfe. the method comprising a 45 
step of forming the ink outlet passage in the ink dis- 
charge side of one of the second and the third 
plates, the improvement which comprises, in the 
step, the sut>-steps of: 

forming a first arxJ a secorxl resist film on a first and so 
a secorxl surface of the first plate, respectively. 

_ -wherein the first and the secorxl resist film assume 

sut>stantially the same shape, but are offset from 
each other in a direction parallel to a flow direction 
of ink; and 55 
forming the through-hole in the first plate by etching 
both the first and the second surface of the first 
plate with the use of the first and the secorxJ resist 
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fdm both of which serve as nmsks in the etching 
processing of the first plate. 

[0020] In the foregoing second aspect, it is possible 
to have the ink flow passage inclined at any desired 
angle relative to a major surface of one of the second 
and the third plate. 

[0021] Preferably, in the above method of the 
present invention for manufacturir^g the ink jet recording 
head provided with the pressure generating chant>er: 

a thickness of the first plate is approximately 
140^m; and 

the first and the secorxi resist film are offset from 
each other by a value rcmging from approximately 
40^m to approximately 70 ^m. 

[0022] Also, according to a third aspect of the 
present invention, there is provcled: 

in an ink jet recording head provided with a pres- 
sure generating chamber, wherein the pressure 
generating chamber is constructed of a first plate or 
chamber plate, a second plate or va3rating plate 
and a third plate or ink supply plate, wherein the 
first plate is provided with a through-hole and sarKl- 
wiched between the second arxf the third plate, the 
irrprovement wherein: 

the through-hole is formed in the first plate by etch- 
ing both a first and a second surface of the first 
plate, and therefore constructed of a first and a sec- 
orxl hole portfon thus formed through the etching 
processing, wherein the first and the second hole 
portion assume sut>stantially a same shape, but are 
differerrt in length from each other when measured 
in a direction parallel to a f fow direction of ink within 
the pressure generating charrtser. 

[0023] In the foregoing third aspect, since the first 
and the second hole portion of the through-hole of the 
chamber plate are communicated with each other to 
provide a relatively smooth inner wall surface in the 
pressure generating chamber, the pressure generating 
chamber is capat>le of having both its upstream-side 
and its downstream-side portion smoothed in configura- 
tion, wherein the upstream-side portion receives the ink 
f fow and changes K in flow directfon so as to have a thus 
received ink f fow directed to the downstream-side por- 
tion within the pressure generating chamber, while the 
downstream-side portion receives the thus directed ink 
f fow and changes it in flow direction again so as to have 
-the ink flow finally directed to the ink-ejection nozzle.- 
Ck)nsequently. due to the above-mentioned snnoothed 
configuration of the inner wall surface of the pressure 
generating chamber, more specifically, of the upstream- 
side and the downstreanvside portion thereof, it is pos- 
sible for the ink jet recording head of the present inven- 
tion to be free from any prot>lems such as stagnation in 
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the ink flow, formation of vapa bubbles, cavitation, or 
like problems all occumng in the ink flow in the pressure 
generating chamber. 

[0024] Also, according to a fourth aspect of the 
present inventton. there is provided: s 

in an ink jet recording head provided with a pres- 
sure generating chamber, wherein the pressure 
generating chamt>er is constructed of a first plate or 
chamber plate, a second plate or vibrating plate io 
and a third plate or ink si^y plate, wherein the 
first plate is provided with a through-hole and sarxl- 
wiched between the second and the third plate, 
wherein one of the secorxj and the third plates is 
provided with an ink outlet passage in its ink ds- is 
charge side, the Improvement wherein: 
the ink outlet passage is formed in the third plate by 
etching bc/th a first and a second surface of the third 
plate, wherein the ink outlet passage is constructed 
of a first arvj a second passage portk>n each 20 
assuming a substantially semtspherical shape, 
wherein the first and the secorxj passage portion 
are offset from each other in the direGtk)n parallel to 
a f kTw directk>n of ink. 

25 

[0025] In the foregoing fourth aspect, since the first 
and the second passage portion of the ink outlet pas- 
sage are communicated with each other In a condition 
in which the first and the second passage portion are 
ffset from each other in a direction parallel to the f tow 30 
directk)n of ink. it is possble to have the ink outlet pas- 
sage inclined at a desired angle in the above-mentioned 
one of the second and the third plate. 
[0026] The above and other objects, advantages 
and features of the present inventk>n will be nrtore 55 
apparent from the following description taken in con- 
junction with the accompanying drawings in which: 

Fig. 1 is a perspective view of the ink jet recording 
apparatus or printer according to the embodiment 40 
of the present inventk)n, illustrating an entire 
arrangement of the ink jet recording apparatus or 
printer of the pres^ invention; 
Rg. 2 is an exploded perspective view of the ink jet 
recording head of the embodiment of the preserrt 4S 
invention shown in Rg. 1 ; 

Fig. 3 is a aoss-sectional view of an essential part 
of the ink jet recording head of the present inven- 
tion, taken along the line passing through a longitu- 
dinal axis of one of the pressure generating so 
chambers of the ink jet recording head of the 
entxxliment of the present invention shown in Rg. 
2 to Illustrate assenrt^ly operations of the ink jet 
recording head of the present invention; 
Rg. 4 is an enlarged view of an essential part in ss 
cross-section of the ink jet recording head of the 
present invention, illustrating the vitiating plate, the 
chamber plate and the ink supply plate of the ink jet 



recording head of the present invention shown in 
Rg. 3; 

Rg. 5 is a bottom view of the chamber plate of the 
ink jet recording head of the present invention 
shown in Rg. 3; 

Rg. 6(a) is an enlarged cross-sectional view of the 
blank of the chamt)er plate used in the ink jet 
recording head of the present invention shown in 
Rg. 1 . wherein the blank of the chamber plate cov- 
ered with the resist films has hs opposite surfaces 
further covered with the masks used in photo-expo- 
sure processing; 

Rg. 6(b) is an enlarged cross-sectional view of the 
blank of the chamt>er plate used in the ink jet 
recording head of the present invention shown in 
Rg. 1 , wherein the blank of the chamber plate has 
the predetermined portions of its resi^ f Oms photo- 
patterned and removed; 

Rg. 6(c) Is an enlarged cross-sectional view of the 
blank of the chamt)er plate used in the ink jet 
recording head of ttie present invention shown , in 
Rg. 1 . illustrating the central portion of the tiiank of 
the chani^er plate, which portion is uncovered with 
the resist films and therefore etched away to form 
the through-hole of the chamber plate; 
Rg. 6(d) is an enlarged cross-sectional view of the 
tjlank of the chaml>er plate used in the ink jet 
recording head of the present invention shown in 
Rg. 1 . illustrating the blank of the chamt>er plate, 
from which blank the remaining resist films are 
removed; 

Rg. 7(a) is a plan view of the first mask with its 
mask pattern used in mask-patterning processing 
of tiie blank of the chamber plate shown in Rg. 6(a); 
Rg. 7(b) is a bottom view of the second mask with 
its mask pattern used in mask-patterning process- 
ing of the blank of the chamber plate shown in Rg. 
6(a); and 

Rg. 8 is an enlarged cross-sectional view of an 
essential part of the conventional ink jet recording 
head, illu^rating the pressure generatir^ chamber 
arxJ its peripheral portior^. 

[0027] The best modes for carrying out the preserrt 
invention will be descra>ed in detail using embodiments 
of the present invention with reference to the accompa- 
nying drawings. 

[0028] Rg. 1 shows one embodiment of an ink jet 
recording head 55 of the present invention mounted on 
an ink jet printer 43. 

[0029] The ink jet printer 43 comprises: a guide 
shaft 45. which laterally extends inside a main body of 
the ink jet printer 43 and is fixedly mounted the main 
body; a head carriage 52. which is driven by an appro- 
priate driver such as a stepping motor or the like (not 
show) to reciprocate sUong the guide shaft 47; and. a 
control portion (not shown) for systematically controlling 
the ink jet printer 43 in recording or printing operations. 
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[0030] (n addition, the main body of the ink jet 
printer 43 is provided with a pair of sheet feeding rollers 
47. 54 for feeding a recording mecfium or sheet 53. 
wherein the roner 54 forms a pinch roller which is 
brought into press-contact with the other feeding roller 5 
47 to sandwich the recording medium or sheet 53 ther- 
ebetween in feeding operation of the recording medium 
or sheet 53. 

[0031 ] In printing or recording operation of a text, for 
example, the recording medium or sheet 53 is intermit- 10 
tentty fed or moved forward at predetermined print*line 
intervals by the sheet feeding rollers 47. 54 in a direc- 
tion indicated by the arrow "a", as viewed in Rg. 1. 
wherein the sheet feeding rollers 47. 54 are interlocked 
with a head carriage 52 in operation. As is clear from is 
Rg. 1 . disposed in front of the sheet feeding rollers 47. 
54 are a plurality of sheet discharging rollers 56a, 56b 
and 56c by which the recording medium or sheet 53 has 
its rear surface supported in its recording or printir>g 
operation. 20 
[0032] The head carriage 52 is provided with: a car- 
tridge holder 51 . mounted in which are a black ink car- 
tridge 50 adapted for alphanumerical text printing and a 
cofor ink cartridge 49 adapted for color image or pattern 
printing; and. the ink jet recording head 55 for ejecting ss 
ink droplets to the recording medium or sheet 53. 
[0033] In recording or printing operation, the black 
ink cartridge 50 delivers the black ink to the ink jet 
recording head 55. More specifically, the black ink sup- 
plied from the black ink cartridge 50 is received in a sin- 3C 
gle common ink reservoir 40 (shown in Fig. 2) which 
assumes a U-shaped form to communicates with a plu- 
rality of pressure generating chamk)ers 19. as is clear 
from Rg. 2. In this embodiment of the present invention, 
each of these pressure generating chambers 1 9 is then 3S 
filled with the black ink issued from the U-shaped com- 
mon ink reservoir 40 shown in Rg. 2. Under such cir- 
cumstances, when ejection of ink droplets of the black 
ink onto the recording medium or sheet 53 is required, a 
corresponding one of a plurality of electrodes 22 of a 40 
piezoelectric elem^ 20 mounted on a vikxating plate 
23 is energized to have a desired portion of the vibrating 
plate 23 vibrated, whtoh intermittently increases a pres- 
sure of an interior of a corresponding one of the pres- 
sure generating chambers 19 to produce therein a 45 
pressure pulse which gives ink discharging energy to 
the ink in the corresponding one of the pressure gener- 
ating chamt^ers 19. As a result, the ink thus energized- 
in the conesponding one of the pressure generating 
chambers 19 is ejected outward through a correspond- so 
ing one of a plurality of ink ejection nozzles 41 (shown in 
_Rg.,2) to.formjnk droplets_which hit arKiadiie_re_to^ 



face of the recording medium or sheet 53. and thereby 
accomplishing their printing or recording purpose, 
wherein the corresponding one of the ink ejection noz- ss 
zte 41 is communicated with the conresponding one of 
the pressure generating chambers 19, as is dear from 
Fig. 2. 



[0034] On the other hand, each of a plurality of dif- 
ferent color inks supplied from the cofor ink cartrkige 49 
enters a corresponding one of a plurality of the cofor ink 
reservoirs (not shown), and passes through it to fin a 
corresponding one of their pressure gerierating cham- 
b^s 19. In tfie corresporvfing pressure generating 
chamber 19. when each of the color inks is mergized 
tiirough actuation of a corresporxfing one of the plureUity 
of ttie electrodes 22 in the piezoelectric element 20. 
each of the color inks thus energized is ejected outward 
through the corresponding cofor ink ejection rK>zzle 41 
to form cofor ink droplets which hit the surface of the 
recording medium or sheet S3 and adhere thereto, so 
tfiat the thus energized one of the color inks accom- 
plishes its printing or recording purpose. 
[0035] Fig. 2 shows an exploded perspective view 
of an essential part of the ink jet recording head 55 of 
the enrtodiment of the present invention shown in Rg. 
1. As is clear from Rg. 2. tiie ink jet recording head 55 
of the present invention has a constructfon adapted for 
botii the black ink cartndge 50 and the color ink car- 
tridge 49. 

[0036] More particularly, the ink jet recording head 
55 of the present invention is provfoed with the piezoe- 
lectric element 20 which oonprises: a plurality of the 
individual electrodes 22 the number of which corre- 
sponds to that of the ink ejection nozzles 41 ; and, a pair 
of comnnon electrodes 20a, 21 electrically connected 
with all the individual electrodes 22. 
[0037] In arrangement, as is clear from Fig. 3, the 
piezoelectric element 20 is disposed adjacent to an 
upper surface of the vibrating plate (second plate) 23. 
and brought into dose contact therewith, wherein the 
vibrating plate 23 faces the pressure generating cham- 
bers 19. In operation, when a desired one of the elec- 
trodes 22 in the piezoelectric element 20 is energized, 
the thus energized electrode 22 of the piezoelectric ele- 
ment 20 causes a corresponding portion of the vibrating 
plate 23 to vikxate. which produces a pressure pulse in 
the correspofxjing one of the pressure generating 
chambers 19 to have the ink therein ejected through the 
corresponding ink ejection nozzle 41 outward. In addi- 
tion to the above components 20. 23, the ink jet record- 
ing head 55 further comprises: a chanter plate (first 
plate ) 16 provided with a through-hole, wherein tiie 
chamber plate 16 has its upper surface brought into 
dose contact with a lower surface of the vibrating plate 
23. arxi has its fower surface brought into dose contact 
with an upper surface of a ink supply plate (third plate) 
30: an ink reservoir plate 36 having its upper surface 
brought into close contact with a lower surface of the ink 
_supply_p]ate_3_0_aridJtsJowerjBUifac^^ 
contact with an upper surface of an ink discharging 
plate 42: and, the ink discharging plate 42 provided with 
the plurality of the ink ejection nozzles 41 . as shown in 
Fig. 2. 

[0038] More specifically, in construction, as is dear 
from Rg. 2. the vforating plate 23 is provided with an ink 
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supply or irriet port 25 in fts outer peripheral portion. On 
the other hand, the chamber plate 16 Is provided with: 
an ink supply or inlet port 29 whi^ communicates with 
the corresponding ink supply or inlet port 25 of the 
vftjrating plate 23; and, the plurality of the pressure gen- 
erating chambers 19 which communicate with the U- 
shaped single common ink reservoir 40. wherein each 
of the pressure generating chambers 19 is formed of 
each of a plurality of the through-holes of the chamber 
plate 16. and these through-holes are arranged into a 
pair of rows arranged parallel to each other, as shown in 
Fig. 2. 

[0039] As is doEU- from Fig. 2. the ink supply plate 
30 is provided with: an ink supply or Inlet port 35 which 
communicates with the corresponding ink supply or inlet 
port 29 of the chamber plate 16: a plurality of ink inlet 
passages 32 arranged into a pair of rows arranged par- 
allel to each other, wherein each of these ink inlet pas- 
sages 32 communicates with a corresponcfing one of 
the pressure generating chambers 19 of the chamt>er 
plate 16 arxJ disposed in the upstream side of such a 
correspondirig one of the pressure generating chanrv 
bers 19. as is dear from Rg. 3; and. a plurality of ink 
outlet passages 33 arranged into a pair of rows 
arranged parallel to each other, wherein each of these 
ink outlet passages 33 communicates with a corre- 
sponding one of the pressure generating chambers 19 
of the chamber plate 16, and is disposed in the down- 
stream side of such a corresponding one of the pres- 
sure generating chambers 19 so as to be disposed 
adjacent to a corresponding one of the rows of the ink 
inlet passages 32. as shown in Fig. 2. 
[0040] On the other hand, formed in the ink reser- 
voir plate 36 are: a plurality of through-passages 37, 
each of which comnrtunicates with a corresponding one 
of the ink outlet passages 33 of the ink supply plate 30. 
and also communicates with a corresponding one of the 
ink ejection nozzles 41 of the ink discharging plate 42; 
anti, the U-shaped single comrmn ink reservoir 40. 
which communicates with all the plurality of the ink inlet 
passages 32. 

[0041] Disposed adjacent to the tower surface of 
this ink reservoir plate 36 is an upper surface of the ink 
discharging plate 42 which is provided with a plurality of 
the ink ejection nozzles 41 , wherein these ink ejection 
nozzles 41 are arranged into a pair of rows arranged 
parallel to each other in a manner such that each of 
these ink ejection nozzles 41 connmunicates with a cor- 
resporx^ing one of the through-passages 37 of the ink 
reservoir plate 36. In the ink jet recording head 55 of the 
present invention having the atxive construction, each 
of the through-passages 37 of the ink reservoir plate 36 
is connected with a corresponding one of the ink outlet 
passages 33 of the ink supply plate 30 to form an elon- 
gated ink outlet passage, as is dear from Rg. 3. 
[0042] Rg. 3 shows a cross-sectional view of an 
essential part of the ink jet recording head 55 of the 
present invention having the above construction, taken 



atong a cutting line passing tfvough a longitudinal axis 
of one of the pressure gerierating chambers 19 to illus- 
trate the asserTt)ly operations of the ink jet recording 
head 55 of the preserrt invention, wherein the above cut- 

5 ting line also passes through a central concave portion 
forming one of ttie common electrodes 20a. 21 (shown 
in Fig. 2) of the piezoelectric element 20. An irxiividual 
electrode 22 of the piezoelectric element 20 ts fixedly 
mounted on a corresporKling portton of an upper sur- 

10 faceof thevft)ratingF^e23. 

[0043] In constructk)n, bonded to the tower surface 
of this vitxBting plate 23 is an upper surface of the 
chamber plate 16. wherein the chamber plate 16 is 
made of a stainless steel such as SUS304 or like steels. 

IS or made of any other suitatile metal or alloys such as 
nickel or the like. On the other hand, bonded to a tower 
surface of the chamt)er plate 16 thus bonded to the 
lower surface of the vft)rating plate 23 is €m upper sur- 
face of the ink supply plate 30. as s dear from Rg. 4. 

20 Further, the ink supply plate 30 thus bonded to the 
chamber plate 16 has its lower surface bonded to an 
upper surface of the ink reservoir plate 36. as shown in 
Rg. 3 whtoh also shows the ink cfischarging plate 42 
which has its upper surface bonded to a tower surface of 

25 the ink reservoir plate 36. 

[0044] In the ink jet recording head 55 of the 
present invention having the above construction, the 
chamber plate 16 is provided with the through-hole 
forming the pressure generating chamber 19, and has 

30 the pressure generating charTt}er 19 sandwiched 
between: the v3>rating plate 23. which is mounted on 
the chamber plate 16; arxl, the ink supply plate 30. on 
which the chamber plate 16 is mounted. As a result the 
pressure generating chamber 19 is defined by the 

35 chamber plate 1 6, the vibrating plate 23 and the ink sup- 
ply plate 30. as is dear from Fig. 4. Any one of the pres- 
sure generating chambers 19 thus defined in the atxyve 
description communicates with the U-shaped single 
common ink reservoir 40 through the corresporxiing ink 

40 inlet passages 32. 

[0045] In printing or recording operatior^. any one 
of the blad< ink cartridge 50 and a plurality of different 
color ink cartridges 49 supplies its own ink to the corre- 
sporxiing ink reservoir 40 through a series of the alxjve- 

45 mentioned ink supply or inlet ports 25, 29 and 35 to fQI 
the ink reservoir 40 with its own ink. The ink thus 
received in the ink reservoir 40 f tows out of the ink res- 
ervoir 40 to errter the ink inlet passage 32. After that, 
through the ink inlet passage 32, the ink then enters the 

so corresponding one of the pressure generating cham- 
bers 19. and flows into the corresporxiing elongated 
outlet passage 33. 37. This elongated outlet passage 
33, 37 is constructed of the ink outlet passage 33 and 
the through-passage 37 connected therewith, as 

55 already described in the above. 

[0046] As is dear from Fig. 3, in construction, the 
elongated outlet passage 33. 37 is gradually reduced In 
diameter to reach the ink ejection nozzle 41. Conse- 
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querttly. in operation, when the piezoelectric element 
20. more speciftcally its individual electrode 22 is ener- 
gized through application of a predetermined electric 
current on the electrode 22. the oorresporxiing portion 
of the vibrating plate 23 v&rates to intermittentiy 
increase a pressure of the interior of the corresponding 
pressure generating chamber 19. arxJ thereby generat- 
ing a pressure pulse which causes the ink of the corre- 
sponding pressure generating chamber 1 9 to be ejected 
from the con-esporxJing ink ejection nozzle 41 onto the 
recording medium or sheet 53 (shown in Fig. 1). 
[0047] Fig. 4 shows an enlarged view of an essen- 
tial part of the cross-sectional view of the ink jet record- 
ing head 55 of the present invention, illustrating the 
chamber plate 16, the vtorating plate 23. and the ink 
supply plate 30 of the ink jet recording head 55. 
[0048] As is dear from Fig. 4. the through-hole of 
the chamber plate 16 forms an essential part of the 
pressure generating chamber 19. is constructed of an 
upper or fir^ hole portion 19a and a lower or second 
hole portion 19b. and has: an upstream side of the 
upper hole portion 19a displaced rightward by a dis- 
placement amount "E^i'* relative to a corresporxJing 
upstream side of the lower hole portion 19b: and. a 
downstream side of the upper hole portion 19a dis- 
placed leftward by a displacement anrwunt **E2*' relative 
to a coaespondtng downstream side of the lower hole 
portion 19b. These displacement amounts "E^" and ''E2'' 
may be equal to each other, or different from each other 
depending on conditions in formation of the resist films 
1 7. 18 which are applied to the opposite surfaces of the 
chamber plate 16 and then subjected to an etching 
operation, as shown in Fig. 6(b). 
[0049] A method of the present invention for manu- 
facturing the ink jet recording head 55 having the above 
construction comprises a first step of forming the 
through-hole of the chamber plate 16. This first step 
comprises the 8ut>-steps of: forming the first resist film 

1 7 arxJ the second resist film 1 8 on the first and the sec- 
ond surface of the chamber plate 16. respectively, 
wherein the first resist film 1 7 and the second resist film 

18 assume substantially the same shape, but are differ- 
ent in length from each other when measured in a direc- 
tion parallel to the flow direction I (shown in Fig. 4) of the 
ink; and, forming the through-hole of the chamber plate 

16 by etching both the first and the second surface of 
the chamber plate 16 with the use of the first resist film 

1 7 arxj the second resist film 18 both of which serve as 
masks in the etching processing of the chamber plate 
16. 

[0050] In the ato^e method of the present invention 

for.manufacturing the ink jet recording head.55. prefera^ 

biy: a thickness of the chamber plate 16 is approxi- 
mately 140^m; and. a difference in length between the 
first resist film 17 and the second resist film 18 is within 
a range of from approximately 80^m to approximately 
140 ^m. 

[0051] Further, another embodim&n of the present 



invention is a method for manufacturing the ink jet 
recording head 55 having the abo^e construction. This 
embodiment of the method of the present inventk>n 
comprises the second step of forming the ink outlet pas- 

5 sage 33 of the ink discharge side of one of the vibrating 
plate 23 and the ink supply plate 30. The above second 
step of the method of the present inverrtion comprises 
the sut>-steps of: fornrttng the first resist film 1 7 and the 
second resist film 1 8 on the first and the second surface 

10 of the chamber plate 16. respectively, wherein the first 
resist film 1 7 and the second resist film 1 8 assume sut>- 
stantially the same shape, but are offset from each 
other in a direction parallel to the f tow direction I (shown 
in Fig. 4) of the ink; and. forming the through-hole of the 

15 chamber plate 16 by etching both the first and the sec- 
ond surface of the chamber plate 16 with the use of the 
first resist film 17 and the second resist fflm 18 both of 
which serve as nnasks in the etching processing of the 
chamber plate 16. 

20 [0052] In the above embocfiment of the method of 
the present invention for manufacturing the ink jet 
recording head 55. preferably, a thickness of the cham- 
ber plate 1 6 is approximately 1 40^m; and. the first resist 
film 17 and the second resist film 18 are offset from 

25 each other by a value ranging from approximately 40|im 
to approximately 70^m. 

[0053] Fig. 5 shows a bottom view of the chamber 
plate 16 shown in Fig. 4. As is clear from Fig. 5. each of 
the upper hole portion 19a and the lower hole portion 

3c 19b of the through-hole (pressure generating chamber 
19) of the chamber plate 16 is gradually reduced in 
width in the vicinity of the ink inlet passage 32, and has 
each of its opposite end portions formed in plan view 
into a sut)stantially semicircular shape as viewed in Rg. 

35 5, a downstream-side one of which erxl portions corre- 
sponds in position to the ink outlet passage 33. Inciden- 
tally, the anow marks 1 shown in Figs. 4 and 5 indicate a 
direction in which the ink f tows. 
[0054] On the other hand, as shown in Rg. 4, the 

40 ink inlet passage 32 of the ink supply plate 30 is formed 
through a stamping operation performed by a machine 
punch (not shown) so as to extend in a direction perpen- 
dicular to an upper and a lower surface (i.e., major sur- 
faces) of the ink supply plate 30. Also, the ink outlet 

45 passage 33 communicating with the through-passage 
37 of the ink reservoir plate 36 (shown in Fig. 3) has a 
construction in which: the ink outlet passage 33 
assumes a sut>stantially circular shape (shown in dotted 
line in Rg. 5) in plan view, as viewed from the first and 

so the second surface's side of the ink supply plate 30. Fur- 
ther, as is clear from Rg. 4, the ink outlet passage 33 is 

provided-with an upper-orfirst passage portion-33aand- 

a lower or second passage portion 33b each assuming 
a substantially semispherical shape. As shown in Fig. 4, 

55 in construction, the upper or first passage portion 33a is 
slightly displaced leftward (i.e., in a direction counter to 
the f tow direction I of the ink) relative to the lower or sec- 
ond passage portion 33b. 
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[0055] In the upper or first passage portion 33a 
assuming the sut>stantiany semisphencal shape: a 
center of such sem^hertcal shape ts defH>ted by a ref- 
erence character and numeral **Cr ; and. a radius of the 
same semtsphertcal shape \s denoted a reference 
character 'B**. On the other hand, in the lower or second 
passage portion 33b of the ink outlet passage 33 also 
assumirig the semispherical shape: a center of such 
semispherical shape is denoted tJY a reference charac- 
ter arxJ numeral ''C2*'; arxi. a radius of a same semi- 
sphencat shape is derxited by a reference character 

[0056] An amount-of a horizontal corrponent of 
at)cve d^lacement of the upper or first passage por- 
tion 33a of the ink outlet passage 33 relative to the tower 
or second passage portion 33b of the same ink outlet 
passage 33 is denoted by the reference character *'A*'. 
as shown in Ftg. 4. 

[0057] In the ink jet recording head 55 of the 
present invention having the akxive construction, it is 
possible for the ink outlet passage 33 to change in dianrv 
eter each of its upper passage portion 33a and its lower 
or second passage portk>n 33b. and also possible to 
change its own tilt or irKlination angle by appropriately 
changing an anrx)unt of each of: the radius 3** of the 
upper passage portion 33a and the corresponding 
radius "D" of the lower passage portions 33b of the ink 
outlet passage 33; and. the amount of the horizontal 
component of displacement "A" of the upper or first pas- 
sage portion 33a of the ink outlet passage 33 relative to 
the lower or second passage portion 33b of the same 
ink outlet passage 33. 

[0058] Figs. 6(a). 6(b). 6(c) and 6(d) shew a series 
of enlarged cross-sectional views of an essential part of 
the chamber plate 16 used in the ink jet recording head 
55 of the present Inventton. illustrating the etching proc- 
ess of the blank of the chamber plate 1 6 stepwise in the 
atx3ve enumerated order, wherein the atxsve etching 
process is performed as follows: 
[0059] Rrst. as shown in Fig. 6(a), the chamber 
plate 16 to be treated has its first arxj its second surface 
uniformly coated with the first resist film 1 7 and the sec- 
ond resist film 18. respectively. After that, a first mask 
Ml provided with a first mask pattem 1 1 and a secorxl 
mask M2 provided with a second mask pattern 12. each 
of which mask pattems 11. 12 assumes a predeter- 
mined shape, are oppositely disposed from the first 
resist film 1 7 and the second resist film 1 8. respectively 
Then, both the first resist film 17 and the second resist 
film 18 are subjected to photo-exposure processes 
through the first mask Ml and the second mask M2. 
respectively. 

[0060] Now. the mask patterns 11. 12 will be 
desaibed In detail. Figs. 7(a) and 7(b) show plan views 
of each of concrete examples of the mask pattern 1 1 of 
the first mask Ml and the mask pattern 1 2 of the second 
mask M2, wherein: Rg. 7(a) shows the mask pattern 1 1 
of the first mask Ml ; and, Fig. 7(b) shows the mask pat- 



tem 12ofthesecorxjmaskM2. The mask pattern 1 1 of 
the first mask Ml assumes an etongated shape which 
has its k>ngitucfinal axis extended in a direction parallel 
to the flow directbn I of the ink. Namely, the longitudinal 

5 axis of the ma^ pattem 11 laterally exterxte as viewed 
in Rg. 7 (a). On the other hand, the mask pattem 12 of 
the mask M2 assumes an elongated shape which is 
sut>stantia[!y similar to that of the mask pattern 1 1 . but 
slightiy bnger than that of the mask pattem 1 1 to extend 

10 in the same directk>n as that of the mask pattem 11. 
[0061] Then, the chamt)er plate 16 having been 
subjected to the atxjve photo-exposure process has 
both the first resist fOm 17 on its first surfece and the 
second resist film 18 on its second surface developed 

75 and rinsed off with water, so that: these resist films 17 
and 18 are provided with concave portkms 17a and 18a. 
respectively, wherein each of the concave portions 17a 
arvj 1 8a assumes substantially a sane pattern as that of 
each of the mask pattems 1 1 arKi 12 shown in Figs. 7(a) 

20 and 7(b). as shown in Fig. 6(b). As ts dear from Fig. 
6(b). in construction, the concave portion 17a of the 
mask pattem 1 1 shown in Rg. 7(a) has its upstream 
side edge portion displaced rightward relative to a cor- 
responding upsti^eam side edge portion of the concave 

25 portion 18a of the mask pattem 12 by a displacement 
amount **Eia" the other hand, also as is dear from 
Rg. 6(b). in construction, the concave portion 1 7a of the 
mask pattern 1 1 has its downstream side edge portion 
displaced leftward relative to a corresponding down- 

30 stream stde edge portion of tiie concave portion 18a of 
the mask pattern 12 by a displacement amount ''E2a*': 
[0062] Further, as shown in Fig. 6(c). the upper hole 
portion 1 9a and the lower hole portion 1 9b are formed in 
an upper and a lower portion of the chamber plate 16. 

35 respectivety. through a wet-etching process called a 
"half etching" process with a use of a predetermined 
etching Ikiuid. In this embodiment of the ink jet record- 
ing head 55 of the present invention, the upper hde por- 
tion 19a of the chanrber plate 16 is larger in horizontal 

40 area than the corresponding concave portions 17a of 
the resist film 1 7. On the other hand, the lower hole por- 
tion 19b of the chanrber plate 16 is larger in horizontal 
area than the corresponding concave portion 1 8a of the 
resist film 18. 

45 [0063] After that, as shown in Rg. 6(d), the first 
resist films 17 and tiie second resist film 18 adhered to 
the first and the second surface of the chamber plate 
16. respectively, are rinsed off with water and removed 
through a spin dry process or like suitat>le processes. 

50 As a result, the chanrber plate 16 provided with the 
through-hole is obtained. The through-hole of the thus 
otJtained chamber plate 16 is constructed of the upper 
hole portion 19a and the lower hole portion 19b to form 
the pressure generating chamber 19 therein, and has: 

55 an upstream side of the tpper hole portion 19a dis- 
placed rightward by the displacemern amount "€^" rela- 
tive to the corresponding upstream side of the lower 
hole portion 19b. as shown in Rg. 4; and. a downstream 



9 

BNSDOCID: <EP lOrWfiTRAP I > 



17 



EP1 038 676A2 



18 



side of the upper hole portion 19a cfisplaced leftward by 
the displacement amount of '£2'* relative to the corre- 
spondng downstream side of the lower hole portion 
igtx as snown in Rg. 4. 

[0064] Bonded to an upper surface of the chamber 
plate 16 thus obtained through the above processes or 
process steps is a lower surface of the vft>rating plate 
23. as viewed in Rg. 4. On the other hand, tx}rKjed to a 
lower surface of the thus obtained chamber plate 16 is 
an upper surface of the ink supply plate 30. Further 
bonded to a lower surface of this ink supply plate 30 is 
an upper surface of the ink reservoir plate 36 which has 
its k]wer surface tx>nded to an upper surface of the ink 
discharging plate 42. The essential part of the ink jet 
recordng head 55 according to this embocfiment of the 
present invention has the abosfe constructk>n. 
[0065] In this embodinrent of the present invention, 
when a thickness of the chamber plate 16 is approxi- 
mately 140^m. the anx>unt of leftward dtsplacemerrt 
i.e., "E^** of the upper hole portion 19a of the through- 
hole of the chamber plate 16 shown in Rg. 4 is prefera- 
tdy witfiin a range of from approximately 40^ to 
approximateiy 70^m. arKi more preferat^ty approxi- 
mately 60^m. In this embodiment of the present inven- 
tion, as shown in Fig. 6(b). when the thickness of the 
chamber plate 16 is approximatety 140 ^m. a difference 
("E^/ + "E2aT in length between the first resist film 17 
and the second resist film 18 is within a range of from 
approximately BO^m to approximately I40^m. provided 
that the difference ("El a + "E2a") in length is measured 
in a direction parallel to the flow direction I (shown in 
Fig. 4) of the ink. 

[0066] The upper or first passage portion 33a and 
the lower or second passage portion 33b both of the ink 
outlet passage 33 may be formed through substantially 
the same process as that for forming the pressure gen- 
erating chamber 19 shown in Figs. 6(a), 6(b). 6(c) and 
6(d). 

[0067] More specifically, the ink outlet passage 33 
is formed in the ink supply plate 30 as follows: namely, 
an appropriate mask provided with a predetermined 
mask pattern having been already patterned is applied 
to each of an upper and a lower surface of a blank of the 
ink supply plate 30. Then, the blank of the ink supply 
plate 30 having its opposite surfaces (I.e.. its upper and 
its kswer surface) covered with the predetermined 
masks is subjected to photo-exposure processing. 
[0068] After that, a resist film is formed on each of 
the upper or first and the lower or secorxj surface of the 
blank of the ink supply plate 30 through a series of pre- 
determined treatments. Then, the tAank of the ink sup- 

ply.plate30.having.its.opposite_surfacescoated_with_^ 

resist films is subjected to an etching process called 
"half etching" process, so thai the upper or first passage 
portion 33a and the lower or second passage portion 
33b both of the ink outlet passage 33 are formed. In 
practice, each of the upper or first passage portion 33a 
and the lower or second passage portion 33b thus 



formed in the ink outlet passage 33 is larger in size than 
a corresponding aperture portion of each of the resist 
fans 17. 18. 

[0069] After completion of the formation of these 
5 passage portions 33a, 33b of the ink outlet passage 33 
in the blank of the ink supply plate 30, the resist films 1 7. 
18 adhered to the opposite surfaces of the blank of the 
ink supply plate 30 are renrxsved, so that the blank is 
formed into the ink supply plate 30. In the thus formed 
10 ink supply plate 30. as viewed in Rg. 4, in construction, 
the center " of the upper or first passage portion 33a 
of the ink supply plate 30 displaced leftward by a dis- 
placement anrKHint "A" relative to the center "Ca" of the 
kswer or secorxJ passage portion 33b of the ink supply 
15 plate 30. 

[0070] As descrtoed above, in this embodiment of 
ttie present invention, it is possible to form the ink sup- 
ply plate 30 through the "half etching** process, wherein 
a tongrtudinal axis of the ink outiet passage 33 of the ink 
20 supply plate 30 is tilted or inclined as a whole at a 
desired inclination angle relative to tfie opposite major 
surfaces of the ink stpply plate 30. as is dear from Rg. 
4. 

[0071] When the thdckness of the ink supply plate 

25 30 is approximately 140Mm, the above displacement 
anx)urTt "A" of the center "C^" of the upper or first pas- 
sage portion 33a of the ink stpply plate 30 relative to 
the center "02" of the lower or second passage portion 
33b of the ink supply plate 30 is preferably within a 

30 range of from approximately 40jim to approximately 
70^m. and nrK>re preferat>ly approxinnately 60^m. 
[0072] In the metiiod of the present invention for 
manufacturing the ink jet recording head 55 (shown in 
Fig. 3). it is possible for the pressure generating cham- 

35 ber 1 9 to have its inner wall surface smoothed by form- 
ing both its upper hole portion 19a and its lower hole 
portion 19b, as shown in Fig. 4. While these hole por- 
tions 19a. 19b of the chamber plate 16 assume sut>- 
stantially the same shape as shown in Fig. 5, tiiey are 

40 slightiy different in length from each other when meas- 
ured in a direction parallel to the flow direction I of the 
ink. Since the inner wall surface of the pressure gener- 
ating chamber 1 9 in the chamber plate 16 is snnoothed 
as described above, it is possible for the pressure gen- 

45 erating chamber 19 to have each of its essential oppo- 
site-end portiorts (i.e., its upstream-end arvj its 
downstream-end portion) formed into a smoothed con- 
figuration as shown in Fig. 3. Of these essential oppo- 
site-end portions of the pressure generating chamber 

so 19, the tiius snnoothed downstream-side portion of the 
pressure generating chamber 19 has tiie flow direction I 
_olthe ink changed so that the in k flo ws tpJthe_ink_ejec-_ 
tion nozzle 41. Due to such snxx}thness of the inner 
wall portion of the pressure generating chamber 19 in 

55 the chamk^r plate 1 6. it is possit)le for the ink jet record- 
ing head 55 of the present invention: to prevent any 
stagnation in the ink flow, formation of vapor txjbtdes, 
cavitation, or like trout)les from occurring in the ink f tow; 



10 



' -JfiDOCID- <FP l03fi676A? l ^ 



19 



EP 1 038 676 A2 



20 



to realize an excellent ink ejection operation, and 
thereby realizing a high quaTity gradation expression in 
printing or recording operations: and. to lessen a degree 
of a required accuracy both in dinnensk>n or in alignment 
of its individual components which are stacked In the s 
assemtsly operations. 

(0073] In contrast with the ink jet recording head 55 
of the present invention described above, the conven- 
tional ink jet recording head such as shown in Ftg. 8 is 
provided with its chamber plate 61 which cfifferent in to 
configuratton from the chamber plate 19 of the present 
invention. 

[0074] More specifically, in the conventional cham- 
ber plate 61 . as is dear from Fig. 8. a ttirough-hole is so 
formed to be straight in a direction perpencficular to the is 
major surfaces 0*6-. opposite surfaces) of the conven- 
tional chamber plate 61 . As a result in the conventional 
ink jet recording head shown in Rg. 8. when the cham- 
ber plate 61 is combined with the ink supply plate 62, it 
is necessary to have the conventional ink outlet pas- so 
sage 33 reduced in diameter in order to have the ink 
outiet passage 33 positioned within an area of the cor- 
resporxjing through-passage 37 of the ink reservoir 
plate 36 without fail. Incidentalty. in the description here, 
the reference numerals in parentheses used as to the 25 
components of tiie conventional ink jet recording head 
indicate the corresponding components of the ink jet 
recording head 55 of the present invention. 
[0075] tn the conventional ink jet recording head 
having the atx>ve construction, however, since the cor- 30 
responding through-passage 37 of the ink reservoir 
plate 36 disposed in the downstream skie of the ink out- 
let passage 33 is larger in diameter than the ink outiet 
passage 33. the ink passing through the pressure gen- 
erating chamber 63 changes its f tow path at substan- as 
tially right angles in the vicinity of the ink outiet passage 
33 to produce turbulent flow, and thereby often causing 
microscopically rapid changes in pressure of tiie ink 
flow to produce cavitation therein. Further, since a 
shouUer portion is formed between these conventional 40 
plates, chamber plate 61 and ink supply plate 62 thus 
stacked with each other and disturt>s the ink flow, i.e., 
since the ink fkyw directly hits such shoulder portion, 
some stagnation in the ink f k3w occurs in the vicinity of 
the above shouUer portion in the conventtonal ink jet 45 
recordtr^ hesd. In order to prevent the above-men- 
tioned profc)lems such as cavitation arxj stagnation of 
the ink flow from occurring in the ink flow, it is nec^sary 
for the conventional ink jet recording head to assemble 
or stack its components or chamber plate 61 and ink so 
supply plate 62 with each other witii an alignment accu- 
racy of at least ±10^m. 

[0076] In contrast with tiiis. in the ink jet recording 
head 55 of the present invention, since the inner wall 
surface of the pressure generating chamber 1 9 is nr^de ss 
smooth in configuration, it is possible for the ink jet 
recording head 55 of the present invention to remarka- 
bly lessen a degree of required accuracy t>oth in dimen- 



sion arxJ in alignment of its indivkf ual components whk^h 
are assembled into (i e., stacked together to form) the 
ink jet recorcfing head 55. 

[0077] Further, in this embodiment of the ink jet 
recording head 55 of the present invention, as is dear 
from Rg. 4, it is possSsle to positively tilt or indine the 
f k>w cfirection of the ink by the use of the configuration of 
the ink outiet passage 33 without changing in diameter 
each of the ink inlet passage 32 disposed in the 
upstream side of the ink fkyw I and tiie ink outiet pas- 
sage 33 d'^posed in the downstream skfe of the inkf kTw 
1, and also possisle to offset in position these ink inlet 
passage 32. ink out passage 33 from each other in 
accordance with an indination angle of a desired one of 
the ink inlet passage 32, ink out passage 33. 
[0078] For example, when a thk:kness of the cham- 
ber plate 16 is approximately 140^m in a condition in 
which its upper mask pattem and its lower mask pattern 
are offset from each other t>y approximately 60pm. it is 
possft)le to tilt or indine the direction of the ink f kiw by 
an indination angle of approximately 25 degrees with 
respect to a plane perpendkxdar to the opposite sur- 
faces (i.e., major surfaces) of tiie chamber plate 16, 
wherein the ink flows along the inner wall surfaces' of 
both the upper hole portion 19a and the lower hole por- 
tion 19b of the pressure generating chamber 19 in the 
chamber plate 16. In this case, it is possible to prevent 
the ink flow I from being drastically changed even when 
the inner wall surface of the downstream side of each of 
these hole portions 19a. 19b of the pressure generating 
chamber 19 is broadened. Consequentiy, in the ink jet 
recording head 55 of the present invention, it is possikjie 
to lessen a degree of the required alignment accuracy 
of its components or plates in their assembly or stacking 
operation to a remarkably tower level of approximately ± 
20^. 

[0079] In the above deso'iption, while the present 
invention has been particularly shown and described 
with reference to its preferred emtxxfiments shown in 
the accompanying drawings, it will be understood by 
those skilled in the art that vark>us changes and modifi- 
cations in form and details may be made therein without 
departing from the spirit and scope of the present inven- 
tion as defined by appended daims. Consequently, tx>th 
the ink jet recording head of the present invention and 
the method of the pres&it invention for manufacturing 
the ink jet recording head are not limited to the preferred 
embodiments only, Ixit indude any changes and modifi- 
cations in construction of tiiese preferred embodiments, 
which changes and modif Nations may be made without 
departing from the spirit and scope of tiie present inven- 
tion. 

[0080] As is dear from the above desaiption, the 
present invention has the following effects: namely, both 
the ink jet recording head 55 of the present invention 
arKf the method of the pr^ent invention for manufactur- 
ing this ink jet recording head 55 are •capat)le of: pre- 
venting any of stagnation in the ink flow, formation of 
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vapor bubbles, cavitation, or like problems from occur- 
ring in the ink f tow; reafizing the excellent ink ejection 
operation, and thereby realizing the high quality grada- 
tion expression in printing or recording operattons; arxj. 
remarkably lessening a degree of required accuracy 5 
both in dimension and in alignment of its irxlivkjual com- 
ponents which are assembled into (i*e.. stacked 
together to form) the ink jet recording head 55 of the 
present inventton. 

[(M)81] Further, both the Inkjet recc^ding head 55 of 10 3. 
the present inventk>n and the method of the present 
inventton for manufacturing the ink jet recording head 
55 are capable of forming the ink f tow passage wfiich is 
tilted or inclined from the major surface of its irxiividual 
component or plate even when the ink flow passage is is 
formed in the major surfaces of such component or 
plate through an etching operatton. 
[0082] It is thus apparent tfiat the present invention 
is not limited to the £dtx>ve embocfiments but may t>e 
changed and modified without departing from the scope 20 
and spirit of the inverrtton. 

[0083] Rnally. the present application daims the 
Convention Priority based on Japanese Patent appltoa- 
tion Ho. Het 1 1 -081 064 filed on March 25. 1 999. the dis- 
closures of which are totally incorporated herein by zs 
reference. 

Claims 

1 . Method for manufacturing an ink jet recording head 30 
(55) provided with a pressure generating chamber 
(19). wherein the pressure generating chamber 
(19) is constructed of a first plate (16), a second 
plate (23) and a third plate (30). wherein the first 
plate (1 6) is provided with a through-hole and sand- 3S 
wiched between the second plate (23) and the third 
plate (30). the method comprising a step of forming 
said through-hole in said first plate (16) 

with the sub-steps of: 4. 

40 

forming a first resist film (17) and a second 
resist film (18) on a first and a second surface 
of said first plate (16). respectively, wherein 
said first resist film (17) and said second resist 
film (18) assume substantially a same shape. 45 
but are different in length from each other when 
measured in a direction parallel to a flow direc- 
tion (I) of ink; and 

forming said through-hole in said first plate (1 6) 
by etching both said first and said second sur- so 
face of sakl first plate (16) with the use of sakt 5. 

first resist.film_(17)_and said second_resist fiIm^_ 

(18) both of which serve as masks in said etch- 
ing processing of said first plate (16). 



The method for manufacturing the ink jet recording 
head (55) provtoed with the pressure generating 
chamber (19) according to claim 1 . characterized in 



55 



that: 

a thickness of said frst plate (16) is approxi- 
mately 140 fim; and 

a difference in length between sakJ first resist 
film (17) and sakf second resist film (18) is 
within a range of from approximately 80 to 
approximately 140Mm. 

Method for manufacturing an ink jet recorcfing head 
(55) provided with a pressure generating chamber 
(19). wherein the pressure generatir^g chamber 
(19) is constructed of a first plate (16). a second 
plate (23) and a thiid plate (30). wherein the frst 
plate (1 6) is provtoed with a through-hole and sand- 
wiched between the second plate (23) and the third 
plate (30). wherein one of sakl second plate (23) 
and said third plate (30) is provided with an ink out- 
let passage (33) in its ink discharge side, the 
nr>ethod comprising a step of forming sato ink outlet 
passage (33) in sato ink discharge side of said one 
of said second plate (23) and said third plate (30) 
with the sut>-steps of: 

forming a first resist film (17) and a second 
resist film (18) on a first and a second surface 
of said first plate (16), respectively, wherein 
said first resist film (17) and said second resist 
film (18) assume substantially a same shape, 
but are offset from each other in a direction par- 
allel to a flow direction (1) of ink; and 
forming sato through-hole in said first plate (16) 
by etching both said first and sato secorxl sur- 
face of said first plate (16) with the use of sato 
first resist film (17) and sakJ second resist film 
(18) both of which sen^e as masks in said etch- 
ing processing of sakJ first plate (16). 

The method for manufacturing the ink jet recording 
head (55) provided with the pressure generating 
chamber (19) according to claim 3. characterized in 
that: 

a thickness of said first plate (16) is approxi- 
mately 140 ^im; and 

said first resist film (17) and said second resist 
film (18) are offset from each other by a value 
ranging from approximately 40 to approxi- 
mately 70jim. 

An ink jet recording head (55) provided with a pres- 
-sure generating-chamber-(l9).-wherein-the pres — 
sure generating chant>er (19) is constructed of a 
first plate (16), a second plate (23) and a third plate 
(30), wherein the first plate (16) is provided with a 
through-hole and sandwiched between the secord 
plate (23) and the third plate (30). and wherein 
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said through-hole is formed in said first plate 
(16) by etching both a first and a second sur- 
face of said first plate (16), and therefore con- 
structed of a first hole portion (1%) and a 
second hole portion (1 9b) thus formed through 5 
said etching processing, wherein said first hole 
portk)n (19a) and said second hole portion 
(19b) assume substantially the same shape, 
but are different in length from each other when 
measured in a direction parallel to a flow direc- 10 
tion (I) of ink within said pressure generating 
chamber (19). 

6. An ink jet recording head (55) provided with a pres- 
sure generating chamber (19), wherein the pres- is 
sure generating chamber (19) is constructed of a 
first plate (16). a secorxJ plate (23) arxJ a third plate 
(30). wherein the first plate (16) is provided with a 
through-hole and sandwiched between the secorxi 
plate (23) arKi the third plate (30). wherein one of 20 
said secorx) plate (23) and said third plate (30) is 
provided with an ink outlet passage (33) in its ink 
discharge side, and wherein 

said ink outlet passage (33) is formed in said 2s 
third plate (30) by etching both a first and a sec- 
ond surface of said third plate (30), wherein 
said ink outlet passage (33) is constructed of a 
first passage portion (33a) and a second pas- 
sage portion (33b) each assuming a substan- 30 
tially semispherical shape, wherein said first 
passage portion (33a) and said second pas- 
sage portion (33b) are offset from each other in 
a direction parallel to a f k>w direction (I) of ink 
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measured in a direction parallel to a flow direction (t) of 
ink; and. etching away both the first and the second sur- 
face of the chamber plate (1 6) using the resist films (17. 
18) as its masks so that the through-hole is formed in 
the chamber plate (16) and serves as the pressure gen- 
erating chamber (19). 
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